Abstract. -Written bits on 0.6 to 10 pm wide discrete tracks have been studied. Lorentz microscopy shows the bits to be well-defined and in saturated remanence state. Ripple structure observed within the bit extends to the track edges.
MICROMAGNETIC STUDIES OF DISCRETE TRACKS USING LORENTZ MICROSCOPY
T
Introduction

Results and discussion
Recent studies [I, 21 of the recording performance of isolated discrete tracks revealed that the scaling of signal amplitude and media noise to submicron dimensions can be understood by conventional recording theory. These studies also showed that edge noise was substantially reduced in discrete tracks, compared with the considerable edge noise generated in conventional media by writing with the fringing field of the thin film head. This investigation has been carried out to explain the above phenomena based on observed micromagnetic structures and to obtain info~mation about the bit definition, transition zone structure and fringing fields as a function of recording frequency and track width. The tracks studied were from 0.6 to 10 pm wide and were recorded at transition densities of 200, 500 and 1000 fc/mm.
Materials and experimental procedures
The two-layer film structures were produced by sputtering the underlayer and Co-alloy targets onto a sputter-cleaned Si disk. The magnetic parameters and thickness of the magnetic layer are: coercive field H, = 950 Oe, remanent magnetization Mr=533 emu/cm3 and media thickness d = 400 A. The discrete tracks were defined on the disk surface by sputter-etching through a patterned photoresist mask [I, 21. The tracks were well separated radially so that heads wider than the tracks could be used. Thin, but well supported, tracks for transmission electron microscopy (TEM) were obtained by mechanical and ion thinning 3 mm diameter coupons from the disk. The fabrication of the materials and TEM sample preparation were described in detail elsewhere [3] . The micromagnetic structure was studied using Lorentz microscopy in Fresnel (phase contrast), Foucault (diffraction contrast) and differential phase contrast modes.
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Fresnel and Foucault images of a 3 pm wide discrete track with transition density of 200 fc/rnm are shown in figure 1. The arrows indicate the transition zones separating adjacent bits. Between the transition zones are regions that exhibit a remanence state of magnetization. The Fresnel image (Fig. la) displays ripple structure within the bits. This structure is uniform and similar to that observed in a dc erased discrete track (Fig. 1 insert) . The difference in major ripple wavelength between figure l a and the insert is probably due to the different demagnetizing fields in the two cases. There is no observable change in the ripple structure across the track width for all track widths studied. This is despite the fact that the magnetization dispersion should give rise to demagnetizing fields at the track edge. The uniform magnetic structure at the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888905 edge of the track implies that there is no significant component of edge noise. This agrees with recording performance results reported previously [2] .
The transition zone exhibits a mixture or ripple structures and distinct vortex-like features in which several domain walls meet at a single point. These transition zone structures were observed for all track widths and for all three transition densities.
The Foucault image clearly shows the individual bits and the magnetic fringing field in the free space adjacent to the track. The magnetization reversal between bits is reflected in the contrast reversal in the fringing fields. Quantification of the fringing fields has been carried out using differential phase contrast (DPC) Lorentz microscopy. This provides a map of the integrated in-plane component of magnetic induction which is shown in figure 2 for the track in figure 1. Non-magnetic contrast from the substrate material, at the edge of the track, prevented the stray fields from being measured closer to the track edge. In this map the direction of the magnetic field is given by the direction of the arrows, and the strength of the field is given by the arrow length. The largest arrows correspond to an integrated magnetic field which is 60 % of the M,d
of the track. The measurable field extends to more than 3 pm from the track edge, at which point the integrated field is less than 15 % of M,d. Comparison of these experimentally measured fringing fields with calculations show that the transition zone has a finite width of the order of 3000 A. This study is reported in detail elsewhere [4] . 
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Summary
Written bits at densities of 200 to 1000 fc/mm on 0.6 to 10 pm wide discrete tracks have been studied. The written bits are well-defined and regions between the transition zones are in saturated remanence state. Transition zone structure is complex and consists of both ripple and vortex-like structures.
The ripple structure within the bits was uniform all the way to the track edge for all track widths studied. This agrees with the conclusion obtained from recording data in previous studies [l, 21 that linear scaling of the recording physics extends to sub-micron dimensions.
In continuous films, considerable magnetic structure is observed at the track edges due to the fringing field of the write head. These features are absent in discrete tracks since there is no magnetic media at the edges. Instead, stray fields are observed at the track edges which permit flux closure between transitions. The absence of side writing eliminates a potential limiting factor due to edge noise in scaling track width to the one-micron range in metal film recording media. The DPC studies of the fringing fields indicate that the transition zone has a finite extent. A detailed study of this is reported elsewhere [4] .
